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METHOD AND APPARATUS FOR PLANNING
OR CONTROLLING A RADIATION
TREATMENT

This application is a national phase of International Appli-
cation No. PCT/EP2011/058523 filed May 25, 2011 and pub-
lished in the English language.

The present invention relates to a method and an apparatus
for planning or controlling a radiation treatment, such as for
example a tumour radiation treatment, wherein the tumour
may be surrounded by or located next to healthy tissue or
organs which are to be protected and/or only minimally
affected by the radiation treatment.

In particular, this invention relates to radiation therapy
planning and radiation therapy equipment for the treatment of
tumours or the like and specifically to a radiation therapy
planning method for calculating or determining good or opti-
mum points or areas on an object or a patient to be treated for
delivering radiation in order to achieve the desired treatment
at a treatment area within the object or patient while avoiding
damage to tissue or organs to be protected or at least reducing
or minimising the impact of said radiation on areas or vol-
umes to be protected.

Radiation therapy refers to the treatment of a specific tis-
sue, for example a tumourous tissue, using externally or inter-
nally applied high-energy radiation. The direction and place-
ment of the radiation must be accurately controlled in order to
ensure both that the treatment volume or tumour receives a
desired or sufficient amount of radiation in order to be treated
or destroyed and that damage or negative eftects to the sur-
rounding healthy or non-tumourous tissue is/are avoided or
minimised.

An external-source radiation therapy, as preferably used in
the present invention, uses a radiation source which is exter-
nal to the patient—typically either a radioisotope or a high-
energy x-ray source such as a linear accelerator. The external
source produces a collimated beam which is directed onto and
into the patient in order to reach the treatment volume or
tumour site. In most cases, however, an external-source radia-
tion therapy also undesirably but necessarily irradiates a vol-
ume of non-tumourous or healthy tissue lying in the path of
the radiation beam along with the tumourous tissue or treat-
ment volume.

The adverse effect of irradiating healthy tissue can be
reduced, while still maintaining a given dose of radiation in
the tumourous tissue or treatment volume, by projecting the
external radiation beam into the patient at a variety of gantry
angles with the beams converging on the tumour site. [tis then
desirable to obtain information concerning one or more pre-
ferred directions and/or entry points of the radiation beam
with respect to a patient or body, so that a significant amount
of the energy delivered by the radiation beam from these
directions and/or at these entry points is delivered to the
treatment volume or tumourous tissue, while healthy tissue or
organs located next to the treatment volume and/or at least
partly surrounding the treatment volume are not or only mini-
mally affected by the radiation beam.

U.S. Pat. No. 5,418,827 discloses a method for radiation
therapy planning, wherein a distribution of electrical charges
within a conductor is determined which would produce a
potential energy field which matches the desired dose to the
tumour in the plane of the radiation therapy machine. The
fluence of any given ray through the tumour is determined by
summing the charges along the ray’s path.

It is an object of the present invention to provide a method
and an apparatus for improving the planning or controlling of
a radiation therapy treatment.
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This object is solved by the subject-matter of the indepen-
dent claims. Advantageous aspects of the invention are dis-
closed in the following and contained in the subject-matter of
the dependent claims. Different advantageous features can be
combined in accordance with the invention wherever this is
technically expedient and feasible.

In accordance with a method for generating data or infor-
mation for planning a radiation treatment or for controlling a
radiation treatment, for example by controlling the operation
of a radiation device which is known in its own right, data of
the body or object to be treated are acquired. The data are
preferably 3D data or volumetric data which can be obtained
by known imaging methods which generate image data of
anatomical structures, such as the soft tissue, bones, organs,
etc. of a body. A medical imaging method can be an appara-
tus-based imaging method, such as for instance computed
tomography (CT), cone beam computed tomography (CBCT,
in particular volumetric CBCT), x-ray tomography, magnetic
resonance tomography (MRT or MRI), sonography, ultra-
sound examination, positron emission tomography or any
other imaging method which generates a three-dimensional
data set as an output which is a representation of the imaged
object or body.

The data used by the method according to the invention are
either already segmented or are to be segmented for example
using known methods such as atlas segmentation. An atlas
typically consists of a plurality of generic models of objects,
wherein the generic models of the objects together form a
complex structure. When segmenting medical images, the
atlas is matched to medical image data and the image data are
compared with the matched atlas in order to assign a point
(such as a pixel or voxel) of the image data to an object of the
matched atlas, thereby segmenting the image data into objects
such as for example bones, organs, blood vessels, nerves and
SO on.

Some anatomical structures are unlikely to be fully and/or
easily detectable using atlas segmentation. In particular,
pathological changes in tissue structures, such as tumours,
may not be easily detectable and may not be visible in images
generated by the imaging methods mentioned. However,
these structures—such as primary/high-grade brain
tumours—can be made visible in MRI scans by using contrast
agents to infiltrate the tumour. In the case of MRI scans of
brain tumours, the signal enhancement in the MRIimages due
to contrast agents infiltrating the tumour can be considered to
represent the solid tumour. Thus, a tumour can be detected
and can in particular be discerned in the image generated by
the imaging method.

Any way of providing segmented data can be used, includ-
ing for example a combination of atlas segmentation and
images taken while using contrast agents.

The area or volume to be treated, such as for example
tumourous tissue or a tumour, is referred to in the following as
a “treatment volume” and is formed as a treatment volume
model within the above-mentioned image data. If a tumour is
located in or adjacent to surrounding tissue, the whole tumour
or tumourous tissue is modelled as a treatment volume com-
prising a treatment volume surface which separates the treat-
ment volume from the surrounding and/or adjacent tissue or
structures of the object or body, which then represent a non-
treatment volume.

In accordance with the invention, the treatment volume and
advantageously (e.g. to reduce the computing time) only the
surface of the treatment volume is considered or modelled as
a preferably continuous source of rays, such as light, or as an
illuminant which emits light or rays, all rays preferably hav-
ing the same initial intensity value of for example 100, along
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one or more straight lines or paths in the direction of the
outside of the body within which the treatment volume is
located, i.e. simulated rays are projected from the treatment
volume or tumour to the outside. The treatment volume or
tumour can be considered as a volumetric light source. Alter-
natively, the treatment volume or the treatment volume sur-
face is modelled or considered to have a number of areas or
point-shaped sources of light or rays or ray starting points
which are distributed uniformly or randomly across the treat-
ment volume surface or even within the treatment volume.
The light or rays start or emerge from the treatment volume
surface and spread out in every direction, preferably with the
exception of the treatment volume itself, i.e. light or rays
emitted from the treatment volume surface preferably do not
pass through the treatment volume itself.

If some parts or areas of the treatment volume shall receive
a higher dose of irradiation during later radiation treatment,
such as e.g. malignant parts of a tumour, the initial intensity
value of the rays emerging from the tumour or its surface can
be increased (to be e.g. 150) compared to rays emerging from
non-malignant parts of the tumour. The rate of cell division of
a tumour can be used to determine the initial intensity value,
so the initial intensity value can for example be a (linear)
function of the rate of cell division.

It is to be noted that the terms “light”, “ray”, “opacity”,
“transparency” and “intensity” as used here do not refer to
actual optical arrangements or processes but rather to simu-
lation or calculation methods.

The non-treatment volume which is adjacent to and/or
surrounds at least a part of the treatment volume is segmented
as mentioned before, and the segmented elements such as
organs, blood vessels, nerves and so on are considered or
modelled in accordance with the invention, in order to have an
assigned feature, such as to reduce the intensity of a transient
ray by a predetermined absolute factor or by a factor per unit
length. The non-treatment volume can be considered to have
an at least partially transparent volume or area which exhibits
anindividual transparency or transparency distribution which
can also be considered to have the opposite property, i.e. an
opacity distribution. So-called organs at risk (OARs) are for
example modelled to have a relatively low transparency, in
order to largely reduce the intensity of a transient ray, or even
to be opaque so as not to allow light or a ray to pass through
(i.e. the intensity of the exiting ray is 0). Organs or (tissue)
structures which are less aftected by radiation are for example
modelled or considered to have a relatively high transparency
(for example 0.8 to 1), i.e. for example these organs or struc-
tures allow light or rays emitted from the treatment volume
surface to pass through with no attenuation or intensity reduc-
tion (i.e. transparency=1) or with only relatively little attenu-
ation or intensity reduction. In order to model structures or
organs as having a respective individual and probably uni-
form (within the structure) and predefined feature, such as a
transparency, a volume element (voxel) belonging to the
respective structure or organ can be defined as having a spe-
cifically assigned predefined feature, such as a transparency
oropacity. A specific organ or structure is for example formed
or modelled by voxels which all have the same transparency
or opacity within the volume of the structure or organ.

By using a continuous or almost continuous representation
of the organ coverage information, the tumour extent is ren-
dered in the image. Using volumetric rendering, the distance
from the tumour and the outer contour can also be included.
This continuous map allows algorithms to easily find local
and global minima for organ coverage.

Once the structures or organs of interest or the entire non-
treatment volume which is adjacent to and/or surrounds at
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least a part of the treatment volume is modelled to have a
respective individual feature, such as a transparency or trans-
parency distribution, which can for example be accomplished
by defining the transparency or opacity of the relevant voxels
(for example only organs at risk) or of each voxel of the
volume of the body except the treatment volume, the light or
light intensity or rays which reach the outside of a body to be
treated are calculated, or an area such as a sphere is calculated
which surrounds the treatment volume and preferably has its
centre at the intended isocentre located within the treatment
volume. The isocentre can be the centre of mass of the treat-
ment volume. This area or sphere is referred to as a “map
surface” or “collision map”.

In order to calculate the projection or intensity of the light
orrays which are emitted from the treatment volume itself, for
example the barycentre, or the treatment volume surface, and
reach the outside surface of the body or an area, such as a
sphere, surrounding the treatment volume or the body, the
paths of several rays have to be considered. A calculation or
simulation is performed in order to ascertain which of the
above-mentioned modelled non-treatment structures exhibit-
ing an individually assigned feature, such as a transparency/
opacity, or voxels with an individually assigned feature, such
as a transparency/opacity, are passed along a straight line of
the ray, wherein these structures or voxels all influence the
light rays or attenuate the intensity of the light or rays emitted
from the treatment volume surface, for example by a factor of
between 0 and 1. Alternatively, the respective features(s) are
assigned to the light or rays passing the non-treatment struc-
tures or voxels having these individually assigned feature(s).
Using this approach, light or rays emitted from the tumour are
shadowed by the surrounding OARs. This simplified problem
is similar to a problem experienced in computer graphics,
namely that of calculating the shadows of volumetric light.
Each ray or light beam is ever increasingly attenuated as it
passes through areas exhibiting a transparency other than 1,
i.e. each ray or light beam is affected by all the transparency
or opacity values on its way to reaching the outer surface. If,
for example, a ray is emitted from the treatment volume
surface which has a predefined simulated initial intensity of
100, and this ray passes along a first distance d;, which
includes an organ at risk (see OAR1 in FIG. 1) exhibiting an
assigned predefined transparency (of't,/unit length), then this
ray is attenuated by: d, -t,/unit length. The (virtual) intensity
of'this ray as it exits the respective structure is then given by:

L exit=l oonser®1 7, /umit length

This calculation can be repeated if more structures or
organs exhibiting a predefined transparency of for example
t<1 are also situated in the path of the respective ray. The
transparency t of a structure or voxel which is not or not
appreciably affected by radiation can be set to 1.

Although possible, it is preferred if physical effects such as
deflection, reflection, diffusion or scattering of the rays or
light beams are not considered. A calculation is preferably
performed in order to ascertain how rays or light beams which
are emitted from the treatment volume surface and exhibit for
example an initial intensity of 100 are attenuated by the
respective transparent (t=1) or semitransparent (0<t<1) or
opaque (t=0) volumes or voxels which exhibit an individually
assigned transparency or opacity (0=1-t) while following a
straight line on their way from the outer surface of the treat-
ment volume to the surface onto which said rays are incident,
such as a sphere centred around the treatment volume or a
barycentre of the treatment volume, all or at least some of the
surface of which is preferably outside the body within which
the treatment volume is located. The outer surface or sphere
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which is considered as a map surface will then have an inten-
sity distribution formed by the (probably attenuated) intensi-
ties of all the rays which reach this outer surface or sphere. It
is to be noted that more than one ray can reach a single point
of'the outer surface or sphere, since the rays preferably do not
start at a single point but rather from some or all of the points
of the treatment volume, preferably in a distribution across
the outer surface of the treatment volume.

When modelling the treatment volume or its surface as a
source of light, this volume or surface can be modelled either
as a homogenously illuminated or illuminating volume or
surface or as a plurality of light-emitting points which are
preferably evenly distributed over the volume or surface or
distributed over the volume or surface using Monte Carlo
techniques.

Once all the rays or light beams emitted from the entire
volume or surface of the treatment volume or from all the
emitting points distributed within the volume or over the
treatment volume surface have been considered, and all the
effects of at least partially transparent or opaque volumes or
voxels along the straight path of the light or beams from the
treatment volume surface to the map surface have been cal-
culated, an intensity image or labelled image based on all
these rays is calculated, wherein each point on the map sur-
face is assigned an intensity or colour value depending on the
amount of the intensities of all the rays or light beams reach-
ing this point. If, for example, an organ to be protected from
irradiation is on the path of all the beams emitted from the
treatment volume surface to a specific part of the map surface,
then this part of the map surface will for example receive no
ray exhibiting an intensity greater than 0 and will thus for
example appear black, whereas a map area will for example
appear white if there is no organ at risk between the treatment
volume surface and the corresponding map surface, i.e. a
number of rays with an unattenuated intensity of for example
100 reach this point and are then summed to for example 100
(number of rays reaching said point). Depending on the
summed or integrated amount of transparent volumes or
opaque voxels in the path of all the light beams reaching the
map surface, the intensities or colour values of the map sur-
face points or pixels can have any intermediate value between
a minimum, for example 0% (indicating for example an
improper point for irradiation), and a maximum value, for
example 100% (indicating for example an optimum point for
irradiation), in order to indicate what amount of non-trans-
parent or semi-transparent volumes (i.e. organs to be pro-
tected) are situated on the path from the treatment volume
surface to the respective map surface area or point.

The accumulated intensity of a map surface point can for
example be defined as

I =2I;

map i

wherein 21, is the sum of the intensities of all the rays reaching
this map surface point.

If the respective non-treatment structures or volumes do
not have a fixed assigned value or feature, such as a predefined
opacity, the accumulated intensity I, can be calculated to be
a function of variables, such as variable opacities, so that e.g.
the individual OARs can be given different weights or opaci-
ties after calculating the (variable) intensities of the map
surface.

The highest value of the accumulated intensity of all the
map surface points can be defined as 100% (or as being
“light”, see for example FIGS. 1 and 3).

It is to be noted that a single point on the map surface can
be reached not only by a single ray emitted from a single point
on the treatment volume surface but also by additional rays
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and, depending on the internal opacity or transparency of the
body volume structure, possibly even by all the rays emitted
from the treatment volume.

Alternatively, all rays emitted from the treatment volume
surface on the side of the treatment volume surface on which
the point of the map surface is located are considered. For
example, in this case only the rays emitted from the rear side
of' the treatment volume surface with respect to a point on the
map surface will not reach this map surface point, since the
treatment volume itself can in such an alternative embodi-
ment be considered to be fully opaque, i.e. does not allow any
ray emitted from the treatment volume surface to pass
through the treatment volume itself.

The colour or shadow or intensity image thus generated on
the map surface can be interpreted as indicating the extent to
which tissue is to be protected, which is then consequently
modelled as exhibiting a specific transparency or opacity (i.e.
for example opaque if it is to be fully protected, 20% to 80%
transparency if it is expediently protected, and fully transpar-
ent if it need not be protected) which is then effected when
irradiating the treatment volume with a ray projected from the
respective map surface point onto the treatment volume or its
centre (i.e. the reverse direction of the above-mentioned
simulation).

However, this scenario only covers the unrealistic prospect
that the radiation stops within the treatment volume.

Since a treatment ray will have a certain (desired) effect
within the treatment volume, but will still emerge from the
treatment volume, it is necessary to consider not only the
intensity value of a pixel or area on the map surface but also
the intensity value on the opposite side, for example the point
on the map or sphere surface which is the exit point of the
irradiation ray when radiation is delivered through the entry
point on the map surface and passes through the treatment
volume. If the map surface is modelled as a sphere, the exit
point is the point obtained when mirroring the entry point at
the centre point of the sphere, which is preferably the centre
of mass of the treatment volume.

In order to determine whether or not it is expedient to
irradiate the treatment volume with a ray emanating from or
passing through a point on the map surface, the accumulated
intensities of all the incoming rays at both the entry point and
the (mirrored) exit point are preferably considered. In its
simplest form, the two accumulated intensities can be added,
such that one hemisphere of the map surface shows a distri-
bution of accumulated intensities and the other hemisphere
shows the intensity distribution mirrored at the centre of the
sphere.

If there is any tissue or organ or volume in the line of the
radiation beam which is to be protected or less affected, this
volume to be protected is preferably located behind the treat-
ment volume (i.e. the radiation beam passes through the front
non-treatment volume first, then passes—probably with a low
attenuated irradiation intensity—through the treatment vol-
ume, and then—with an even further reduced irradiation
intensity—through the tissue or organ or volume to be pro-
tected), hence it is advantageous to not simply sum the accu-
mulated intensities of the simulated rays which reach an entry
point and the corresponding exit point of a radiation beam, but
rather to also take into account whether or not volume to be
protected is located in front of or behind the treatment vol-
ume. For this purpose, the intensities at corresponding (mir-
rored) entry and exit points should only be the same if the
same amount of opaque volume or voxels is located between
one (entry or exit) point and the treatment volume as is located
between the other (exit or entry) point and the treatment
volume. In all other cases, it is advantageous for the accumu-
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lated intensity of a map surface point to be higher at the point
which has less opaque volume (to be protected) between this
point and the treatment volume, as compared to the amount of
opaque volume located between the treatment volume and the
opposing (mirrored) point which is then designated as the exit
point. In order to achieve this result, the accumulated inten-
sity at one point is compared to the accumulated intensity at
the opposite (mirrored) point, and if the first intensity is
higher than the accumulated intensity at the mirrored point,
this indicates that irradiation should preferably be started
from this point and not from the opposite point, since more of
the volume or tissue to be protected will then be located
behind and not in front of the treatment volume. This can be
indicated or made visible by for example adding a predefined
amount of (simulated light) intensity to the added or inte-
grated amount of intensity at the point on the map surface
exhibiting a higher total value for the accumulated intensity
or by subtracting a predefined amount of (light) intensity
from the opposite map surface point, for example:

IfT,,,,,, is the accumulated intensity at a map surface point
and I, is the accumulated intensity at the opposite or
mirrored point, the following calculation for the resulting
map surface intensities can be made:

Lyap, 1 adjusted™bnap,1 Phnap 2 adjusomens 200

Lnap2 adjusicamap.1 Hnap,15
if Lt *honap,2
L p, 1 actjustcd™Dmap,1 Hhnap > 304
Lnap2 adjusted™map1 Hmap 2
if Lt honap,2
Lnap, 1 adjusted™Imap,1 +lnap > a0
Lnap2 adjusied™Imap, 1 Hmap 2 adjusoment
if Lt D2
L, gjuestmen: €0 be any positive value, for example 100.

A surface map is thus generated which not only indicates
preferred points for irradiating the treatment volume in order
to protect organs at risk, but also only takes into account the
position of the organs at risk with respect to the treatment
volume when preferably located behind and not in front of the
treatment volume as viewed along the line of the radiation
beam.

The transparency, lucency or opacity of a volume or voxel
can be determined or can be predefined depending on one or
more of the following: distance from the surface, functional
aspects, the sensitivity to radiation of the structure or organ
concerned; the distance from the treatment volume; and the
importance of the structure or organ concerned. The transpar-
ency can for example be set to zero (or the opacity set to a
maximum value) for a structure or organ which should not
receive any radiation at all, such that no simulated light or ray
exiting the treatment volume surface is allowed to pass
through and black areas are generated on the map surface
which indicate that no radiation is to be directed onto the
treatment volume from this point of the map area. Conversely,
tissue or organs which are less affected by radiation are mod-
elled as exhibiting a high degree of transparency (or low
opacity), thus generating a bright area on the map surface
which indicates that starting irradiation of the treatment vol-
ume from this point is less harmful to the body as a whole.
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The invention also relates to a program which, when run-
ning on a computer or when loaded onto a computer, causes
the computer to perform the method as described above and/
or to a program storage medium on which the program is
stored (in particular in a non-transitory form) and/or to a
computer on which the program is running or into the
memory of which the program is loaded and/or to a signal
wave, in particular a digital signal wave, carrying information
which represents the program, in particular the aforemen-
tioned program, which in particular comprises code means
which are adapted to perform all the steps of the method as
described above.

The invention also relates to a planning or control system
for a radiation treatment device comprising: the computer as
described above, for processing the three-dimensional or
volumetric image data of a body and for calculating a quan-
titative value for the suitability of possible radiation entry and
exit points as set forth above; a data interface for receiving the
three-dimensional data and optionally for outputting control
data to an irradiation device; and optionally a user interface
for receiving data from the computer in order to provide
information to a user, wherein the received data are generated
by the computer on the basis of the results of the processing
performed by the computer in accordance with the method
described above.

In addition, a radiation treatment device is provided which
is controlled with respect to the position of the radiation-
emitting element relative to the body or treatment volume, on
the basis of the results of the data outputted from the computer
which quantitatively indicate which relative positions or irra-
diation directions or points are preferred and/or less harmful
as compared to other possible irradiation points or directions.

Additional advantageous features are disclosed in the fol-
lowing detailed description of embodiments. Difterent fea-
tures of different embodiments can be combined.

FIG. 1 schematically shows an intensity profile being gen-
erated on a map surface in accordance with the invention;

FIG. 2 shows an intensity profile being generated on a map
surface in a simple manner;

FIG. 3 shows an example embodiment based on the
example of FIG. 1; and

FIG. 4 schematically shows a treatment system which can
be controlled using planning data or control data generated in
accordance with the invention.

FIG. 1 shows a schematic representation of a method for
generating planning or control data, wherein a cross-sectional
view of an object containing a tumour as a treatment volume
and containing a volume surrounding the treatment volume as
anon-treatment volume including two organs at risk (OAR) is
shown. Itis to be noted that the boundary ofthe object can also
be the semi-circle shown which is the map surface on which
the intensity profile is depicted and will usually be between
this map surface and the treatment volume, as shown in FIG.
1.

The treatment volume or tumour volume is determined, for
example on the basis of a three-dimensional MRI data set
which is segmented using known methods so as to also obtain
the boundaries ofthe organs atrisk shown (OAR1 and OAR2)
which are located within the same body. These organs at risk
OAR1 and OAR?2 are to be protected from receiving a high
dose of radiation or possibly even from receiving any radia-
tion at all in the course of a radiotherapy treatment,

In order to determine an expedient location on the circular
map surface shown, from which an irradiation beam can be
projected in a straight line towards the centre of mass of the
treatment volume or tumour, the treatment volume or tumour
surface is considered to emit light or rays along a straight line
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in all possible directions, with the exception of directions
leading into the treatment volume itself. The organs at risk
OAR1 and OAR2 are considered or modelled to have a pre-
defined opacity or transparency which for example does not
allow any ray emitted from the treatment volume surface to
pass through or which alternatively reduces the intensity of a
ray emitted from the treatment volume surface, by a specific
fixed factor of for example 50%, when passing through an
organ at risk, or reduces it by a factor which is determined on
the basis of the distance by which a ray penetrates said organ
atrisk when passing through it along a straight line. The organ
at risk can for example be assigned a transparency of 0.9
which would then reduce the intensity of a ray by 10% per
unit length, such that for example a ray traversing this organ
at risk along one unit length would be reduced in intensity by
10%, a ray traversing the organ at risk along a distance of two
unit lengths would be reduced in intensity by 20%, and so on.

Depending on the vulnerability of the segmented volume
or organ at risk to radiation, the transparency or opacity of the
volume or picture elements or volume elements (voxels)
belonging to the respective organ or non-treatment volume
can be selected. If the organ is not to receive any radiation at
all, the opacity is set to 100%, i.e. the transparency is set to
0%; in other words, no ray emitted from the treatment volume
is allowed to pass through, thus effectively reducing the inten-
sity of this ray to 0%.

If'a structure or tissue is not appreciably affected by radia-
tion, the transparency is set to 1 or 100%, i.e. a ray passes
through it unattenuated, without its intensity being reduced.

Atable showing an example set of values for non-treatment
organs or tissues to be used is given below:

TABLE 1

Transparency
Structure/organ (vulnerability)
Tissue 100% or 1
Bones 80% or 0.8
Nerve system 5% or 0.05
Blood vessel 20% or 0.2
Liver tissue 0% or 0
Pulmonary tissue 0% or 0

It is to be noted that the above example is not binding or
limiting and that other intensity values for a volume or voxel
belonging to a particular structure can be chosen.

According to a separate, independent approach, the impor-
tance of the respective volume can be considered, wherein a
voxel belonging to a particular volume is assigned an inten-
sity which is lower, the greater the importance of the respec-
tive structure. An example of assigning transparency values is
shown in Table 2 below.

TABLE 2

Transparency
Structure/organ (importance)
Tissue 100% or 1
Bones 90% or 0.9
Nerve system 0% or 0
Blood vessel 30% or 0.3
Liver tissue 20% or 0.2
Pulmonary tissue 10% or 0.1

The two approaches above, i.e. defining the transparency
on the basis of the vulnerability of the volume to radiation and
onthe basis of the importance of the volume, can be combined
if desired. Thus, if both factors are considered, the respective
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transparency values assigned to a respective single voxel can
be multiplied, in order to obtain a combined transparency
value which can be used for the subsequent calculation and
simulation, according to the following formula:

T,

c

ombined(VOXe)=T,
(voxel).

i (Voxe)* T,

ce

In accordance with another independent aspect, the trans-
parency (or opacity) of a volumetric element can depend on
the distance from the voxel to the treatment volume. It can for
example be defined such that the closer the voxel is to the
treatment volume, the higher the transparency of the respec-
tive voxel is set. The transparency T can for example be
calculated by:

T=1/d(patient surface)

wherein d (patient surface) is the minimal distance to the
surface of the patient. This distance can for example be read
from a predefined distance map.

Regarding a ray exiting the treatment surface, the same
approach can be used. More preferred, the length of a vector
connecting the respective point with the patient surface and
running through the centre of the treatment volume is chosen.

If, for example, a sphere is used as a map surface has a
radius r which is the distance from the map surface to the
centre of mass of the treatment volume, then the transparency
of a respective voxel can be defined as:

Tiistance(voxel,d)=To*(r-w-d)

where d is the distance from the voxel to the centre of mass of
the treatment volume, w is a weighting factor (i.e. for example
O<w<1), and T, can be any of the aforementioned transpar-
encies Tvulnerabilityi Timportance or Tcombined'

Returning to the example shown in FIG. 1, the first organ at
risk OAR1 exhibits a transparency T which is calculated in
accordance with one of the above formulas to be for example
50%, hence rays emitted from the treatment volume surface
with an initial intensity value of I, are allowed to pass through
this organ at risk OAR1 but their intensity is reduced by 50%
when passing through the organ, irrespective of the distance
by which the respective ray passes through the organ. In
accordance with an alternative approach, the transparency is
set to be 0.5 or 50% per unit length, thus causing the intensity
to be reduced in accordance with the following formula:

Iray exiting OAR :Iray entering o.g*(distance ray passes
through OAR)*0.5/unit length

Although not shown, it is possible for a single ray to pass
through more than one organ at risk, in which case the above
formula is used separately and successively for each organ at
risk and the respective individual transparency is used (see for
example Table 1 or 2), wherein the value 1, .iing 04z OF @
more interior organ at risk is used as the value I, .., ., ering 04z
for the next less interior organ at risk, and so on.

An example calculation is performed, using for example
hundreds of ray starting points on the treatment volume sur-
face, wherein the rays starting from a particular starting point
are directed in all possible directions or in a number of ran-
domly selected directions. Since the treatment volume (tu-
mour) itself is considered to be opaque, the rays do not pass
through this treatment volume and are only directed towards
the outside, i.e. towards the map surface.

As shown in FIG. 1, the treatment volume (tumour) has an
exterior right-hand starting point S1 which is located on the
treatment volume surface and an exterior left-hand starting
point S2 which is likewise located on the treatment volume
surface. Since the organ at risk OAR2 is considered to be an
important organ and is thus assigned a transparency T of 0%,
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no rays starting from the treatment volume can pass through
OAR2. Thus, the ray starting from the interior right-band
starting point S1 and touching the exterior right-hand point of
OAR?2 hits the map surface at the point M1, and the ray
starting at the exterior left-hand starting point S2 of the treat-
ment volume and touching the exterior left-hand point of
OAR?2 hits the map surface at point M2, such that the map
surface between M1 and M2 cannot be reached by any ray
emitted from or starting from the treatment volume surface
and following a straight line. Thus, the accumulated intensity
is 0 and the intensity profile on the map surface between M1
and M2 is shown in a deep black and designated as the
“umbra”.

To the left of M2 in FIG. 1, the map surface can be reached
by a number of rays starting from the treatment volume sur-
face. The greater the distance from M2, the greater the
amount of unattenuated rays which reach the map surface,
such that the accumulated intensity of a specific point on the
map surface—being the sum of the intensities of all the rays
reaching this point—increases gradually with the distance of
said point from M2, until a point M3 on the map surface is
reached. As shown in FIG. 1, points on the map surface
further to the left of M3 and as far as M5 are affected by the
organ at risk OAR1, which attenuates some of the rays emit-
ted from the treatment volume surface, such that the accumu-
lated or summed intensity of a respective map surface point
decreases towards M6, as illustrated by areas which are more
thickly blackened than the area in the immediate vicinity of
M3. From M6 to M5, the accumulated intensities increase
again, as the attenuating effect of OAR1 decreases.

To the right of M1 in FIG. 1, an ever increasing number of
rays emitted from the treatment volume surface can reach the
map surface, such that the summed intensities of the respec-
tive map surface points increase to the right with the distance
of the respective map surface point from M1. When the map
surface point M4 is reached, which is the map surface point at
which all the rays emitted from the treatment volume surface
can reach the map surface unattenuated, there is no reduction
in intensity and this area on the map surface can thus be
designated as “light”.

The same is true of the map surface area to the left of M5,
where again all the rays emitted from the treatment volume
surface can reach the map surface unattenuated, since neither
OAR1 nor OAR?2 attenuates or obstructs the emitted rays.

The areas between M1 and M4 on the right-hand side and
between M2 and M5 (thus including M3 and M6) on the
left-hand side can be designated as the “penumbra”.

Using the intensity profile on the map surface, it is possible
to determine that the best directions or angles to use for a
radiation treatment of the treatment volume will be those
which project radiation into the object and direct it to the
centre of mass of the treatment volume or cause it to cover the
entire extent of the treatment volume or tumour from the areas
onthe map surface identified in the intensity profile as “light”,
i.e. the areas to the right of M4 and to the left of M5, since no
organs at risk will be affected by such radiation. The next
most expedient area would be the area around M3 on the map
surface which exhibits a summed intensity which is close to
that of the “light” areas, although it is situated within the
“penumbra’ area, which means that at least one of the organs
at risk OAR may be slightly affected when radiation is deliv-
ered to the treatment volume.

The “blacker” the respective area on the map surface is, the
more significantly organs at risk will be affected and thus the
less suitable this area is for delivering radiation. If, for
example, radiation is directed to the treatment volume in the
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area between M1 and M2, the organ at risk OAR2 will always
be directly affected, which is however to be avoided.

FIG. 2 shows a simple example embodiment of calculating
an intensity profile on a map surface, in which only the centre
of mass of the treatment volume, rather than the surface of'the
treatment volume, is considered to be the one source of light
or rays. This leads to a discrete intensity profile and possi-
bly—as in the example shown, in which the organs at risk
exhibit a transparency of 0%—to a digital intensity profile
which is less suitable for identifying expedient or optimum
points or directions for delivering radiation to the treatment
volume.

FIG. 3 shows the example from FIG. 1, but with the circle
complete and representing a cross-section of the map surface.
As can be seen, if OAR1 and OAR2 were the only two
structures to be considered, the whole of the lower half of the
map surface would exhibit the intensity profile “light”, since
there are no organs at risk to obstruct or attenuate the intensity
of the rays emitted from the treatment volume surface to the
map surface.

An irradiation beam directed onto the treatment volume
from the opposite half of the map surface (the lower half in
FIG. 3) and starting between points M1' and M2' (which
respectively represent the points M1 and M2 as mirrored at
the centre of mass) will reach the treatment volume without
affecting any organ at risk. However, since the radiation will
not stop at the treatment volume but rather exit the treatment
volume, this irradiation beam will inadvertently affect the
organ at risk OAR2, which is however to be protected from
receiving any radiation.

In order to also take into account the effect of the rays
exiting the treatment volume, the intensity profile on the map
surface can be mirrored at the centre of mass, which is for
example the point of symmetry of the map surface, or can be
calculated separately. In the example shown, the penumbra
and umbra intensity profile between M4 and M5 can be mir-
rored such that they are then also present on the opposite side
between M4' and M5'. Thus, when considering the overall
intensity profile on the map surface, it will be clear that the
best direction or area for projecting radiation into the treat-
ment volume is the “light” area between M4' and M5 and
between M4 and M5', since the organs at risk OAR1 and
OAR?2 will not then be affected by any radiation at all, either
before it enters the treatment volume or after it exits the
treatment volume. If no such intensity profile which may be
designated as “light” is available, the best area or direction for
projecting radiation into the treatment volume is that which
exhibits the highest summed intensity, i.e. that which is clos-
estto the designation “light” or which is the least black, which
in the example shown in FIG. 3 would be the area around M3
and the mirrored area M3' which exhibits the same (for
example mirrored) or a separately calculated intensity.

It would then be preferable to use M3' as the starting point
for irradiating the treatment volume rather than M3, because
the slightly vulnerable organs at risk would then only receive
the radiation after it had passed through and been attenuated
by the treatment volume, whereas if M3 is taken as the start-
ing point, a higher dose of radiation will reach the organ at
risk first, before reaching the treatment volume. Accordingly,
the intensity value at either M3 or M3' should be modified to
reflect this.

Thus, in a first step when mirroring the intensity profile at
the centre of mass, the accumulated or summed intensity of
one point, for example M3 (receiving for example 100 rays
with an average intensity value of 90, resulting in an accumu-
lated or summed intensity of 100-90=9,000), and the summed
intensity at the mirrored point, i.e. M3' (receiving for example
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100 rays with an unattenuated intensity of 100, resulting in a
summed intensity of 100-100=10,000), are compared.

Since it is preferable for an organ or structure which is to be
protected to be located behind the treatment volume, it is
advantageous to add a predefined intensity value (of for
example 1,000) to the intensity value of the point or mirrored
point (i.e. M3 or M3') which exhibits the highest original
intensity value. In the given example, this would be the inten-
sity value of 10,000 at point M3', which would then be cor-
rected to 11,000.

The respective intensities of the uncorrected mirrored
points are then added to the intensities of the respective
points. Thus, the intensity value at the point M3 would then be
19,000 (the original intensity of 9,000 at M3 plus the original
intensity of 10,000 at M3").

The intensity at M3' will thus be calculated to 20,000 (the
original intensity of 10,000 at M3' plus the correction value of
1,000 plus the original intensity of 9,000 at the mirrored point
M3).

Once this calculation has been performed, it is easy to
determine that the overall intensity of 20,000 at M3' is higher
than the overall intensity of 19,000 at M3, indicating that M3'
is a more expedient starting point for irradiating the treatment
volume than M3.

FIG. 4 schematically shows a radiation treatment device 1
which can be moved in a circle around the patient’s body 2
which includes a treatment volume and several organs at risk,
such as those exemplified in FIGS. 1 and 3. The radiation
treatment device 1 emits a radiation or treatment beam 3
which is directed onto the treatment volume within the
patient’s body 2.

In accordance with the invention, switching the treatment
beam 3 on and off and positioning the treatment device 1 at
any location along the circular movement path 4 of the treat-
ment device 1 is controlled by a controller or PC which uses
the method as described above. Once the patient’s body 2 has
for example been registered using known methods, the treat-
ment device 1 is moved to one or more positions between the
points M4' and M5 or between the points M4 and M5' (the
“light” areas from FIG. 3) and then switched on so as to emit
a treatment beam 3 in order to appropriately irradiate the
treatment volume, while still protecting the organs at risk.

The intensity profile on the map surface, which corre-
sponds to the circular path 4 in FIG. 4, can also be displayed
on a screen 5 which is connected to the controller or PC.

The controller or PC which is able to perform the method in
accordance with the invention is also connected to a data
source, such as an MRI scanner, in order to obtain raw data or
pre-segmented data of the patient’s body or at least of a part of
the object to be treated which includes the treatment volume.

The invention claimed is:
1. A method for generating planning data or control data for
a radiation treatment, the method comprising:

a) acquiring segmented data of an object which contains a
treatment volume and a non-treatment volume;

b) modelling at least some or all of the volume or surface of
the treatment volume as a source of light or rays exhib-
iting a predefined or constant initial intensity;

¢) modelling the non-treatment volume as comprising
volumetric elements or voxels which each exhibit an
individually assigned feature or attenuation value or

transparency value (t,,,<stst, ) for the light or rays,
which feature is assigned to the light or ray, which
attenuation or transparency values maintain or reduce
the intensity of the light or ray as it passes through the
respective volumetric element or voxel, wherein the fea-
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ture or attenuation value or transparency value is indi-
vidually assigned to each volumetric element or voxel of
the non-treatment volume;

d) defining a map surface which surrounds the treatment
volume or the object;

e) calculating an accumulated intensity value for points or
areas on the map surface, the accumulated intensity
value being the sum of the intensities of all the rays
which exhibit the predefined or constant initial intensity
and are emitted from the volume or surface of the treat-
ment volume and reach a respective point on the map
surface by following a straight line, wherein if the ray
passes through a non-treatment volume or voxel, the
intensity of the respective ray is reduced or attenuated by
a factor which is determined by the individual feature or
attenuation value or transparency value of the respective
non-treatment volume or voxel; and

f) generating an intensity distribution on the map surface
using the calculated accumulated intensity values.

2. The method according to claim 1, wherein the generating
the intensity distribution on the map surface comprises gen-
erating the intensity distribution as a function of the individu-
ally assigned features.

3. The method according to claim 2, further comprising
varying the individually assigned features after calculating
the accumulated intensity values to calculate respective dif-
ferent intensity distributions on the map surface.

4. The method according to claim 1, wherein the map
surface is a sphere and the centre of the sphere is located
within the treatment volume or is the barycentre of the treat-
ment volume.

5. The method according to claim 1, wherein the initial
intensity of rays emerging from a part of the treatment volume
orits surfaceis increased if the respective part of the treatment
volume is determined to receive a higher dose of irradiation
during later radiation treatment.

6. The method according to claim 1, wherein the treatment
volume is modelled to be fully opaque, such that no ray
emitted from the surface of the treatment volume passes
through the treatment volume.

7. The method according to claim 1, wherein the transpar-
ency value of each non-treatment volumetric element or voxel
is determined on the basis of one or more of the following:

the vulnerability of the volume or voxel to radiation;

the importance of the volume or voxel;

the distance from the non-treatment volume or voxel to the
treatment volume; and/or

the distance from the non-treatment volume or voxel to the
outer contour or surface of the object.

8. The method according claim 1, wherein the accumulated
intensity value on a map surface point is added to the accu-
mulated intensity value of one or each respective opposing
map surface point, wherein the map surface point, the oppos-
ing map surface point and the barycentre of the treatment
volume are all situated on a straight line.

9. The method according to claim 8, wherein an additional
predefined intensity value is added to the accumulated inten-
sity value of the surface point or opposing surface point which
exhibits the highest original accumulated intensity value
before the accumulated intensity value of the opposing map
surface point is added.

10. The method according to claim 1, wherein the point on
the map surface which exhibits the highest calculated accu-
mulated intensity value (I,,,,) of all the points on the map
surface is assigned a map surface intensity value of 100%, and
map surface intensities between 0% and 100% (I,/1,,,,) are
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calculated for the remaining points on the map surface, on the
basis of this 100% map surface intensity value.

11. The method according to claim 10, wherein the areas or
points on the map surface which exhibit the highest calculated
accumulated intensity values are used to define one or more
suitable directions for irradiating the object and/or are used to
control the position and/or activation of a radiation device.

12. The method according to claim 11, wherein radiation is
only directed onto the object from points or areas which
exhibit a map surface intensity of 100% or more than 95%,
90%, 85% or 80%.

13. The method according to claim 12, wherein volumetric,
raycasting is used to generate a continuous intensity distribu-
tion on the map surface.

14. A non-transitory computer-readable program storage
medium on which a program is stored which, when running
on a computer or when loaded onto the computer, causes the
computer to perform a method for generating planning data or
control data for a radiation treatment, the method comprising:

a) acquiring segmented data of an object which contains a
treatment volume and a non-treatment volume;

b) modelling at least some or all of the volume or surface of
the treatment volume as a source of light or rays exhib-
iting a predefined or constant initial intensity;

¢) modelling the non-treatment volume as comprising
volumetric elements or voxels which each exhibit an
individually assigned feature or attenuation value or
transparancy value (t,,,, <t<t ) for the light or rays,
which feature is assigned to the light or ray, which
attenuation or transparency values maintain or reduce
the intensity of the light or ray as it passes through the
respective volumetric element or voxel, wherein the fea-
ture or attenuation value or transparency value is indi-
vidually assigned to each volumetric element or voxel of
the non-treatment volume;

d) defining a map surface which surrounds the treatment
volume or the object;

e) calculating an accumulated intensity value for points or
areas on the map surface, the accumulated intensity
value being the sum of the intensities of all the rays
which exhibit the predefined or constant initial intensity
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and are emitted from the volume or surface of the treat-
ment volume and reach a respective point on the map
surface by following a straight line, wherein if the ray
passes through a non-treatment volume or voxel, the
intensity of the respective ray is reduced or attenuated by
a factor which is determined by the individual feature or
attenuation value or transparency value of the respective
non-treatment volume or voxel; and

f) generating an intensity distribution on the map surface
using the calculated accumulated intensity values.

15. A computer comprising the program storage medium of

claim 14.

16. A planning or control system for a radiation treatment
device comprising:

the computer according to claim 15 for processing the
three-dimensional or volumetric image data of a body
and for calculating a quantitative value indicating the
suitability of possible radiation entry and exit points;
and

a data interface for receiving the three-dimensional data.

17. The planning or control system of claim 16, further
comprising the data interface outputting control data to an
irradiation device.

18. The planning or control system of claim 16, further
comprising:

a user interface configured to receive data from the com-
puter to provide information to an associated user,
wherein the received data are generated by the computer
on the basis of the results of the processing performed by
the computer in accordance with the program stored on
the program storage medium.

19. A radiation treatment device comprising the computer
of claim 15, wherein the radiation treatment device is con-
trolled with respect to the position of the radiation-emitting
element relative to the body or treatment volume and/or with
respect to the activation of the radiation-emitting element on
the basis of the results of the data outputted from the computer
which quantitatively indicate which relative positions or irra-
diation directions or points are preferred and/or less harmful
as compared to other possible irradiation points or directions.
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